Abstract The purpose of this study was to determine the metabolic equivalents (METs) for scooter exercise (riding a scooter, scootering) and to examine the energy expenditure and the heart rate response, so that the results can be used in health promotion activities. Eighteen young adults (10 males and 8 females) participated in scootering on a treadmill at three different speeds for six minutes each. Before, during, and after the exercise, pulmonary ventilation, oxygen uptake (VO 2 ), carbon dioxide product, respiratory exchange ratio (R), and heart rate (HR) were measured. These measurements kept steady states from the 3rd to 6th minute of each different speed session. The MET values acquired during scootering at 80 m · min Ϫ1 , 110 m · min
Introduction
MET (metabolic equivalent) is the weight-relative unit that represents a multiple of the resting rate of oxygen consumption (ACSM, 1986) , which has been used in the process of rehabilitation, health promotion, and fitness programs (The Committee on Exercise, 1975; US Department of HHS, 1992; ACSM, 2006) . A number of scholars have investigated physical activities of various kinds and found MET values, and based on those investigations, an organized compendium which shows the MET values of various physical activities has been published (Ainsworth et al., 1993 (Ainsworth et al., , 2000 . MET values are useful when considering exercise intensity and calculating the energy cost of exercises. It is generally accepted that people unexceptionally use 3.5 ml · kg Ϫ1 · min Ϫ1 as the resting rate of VO 2 to calculate energy consumption (ACSM, 2006) .
However, there seem to be physical activities whose MET value is unknown in public. One is riding a scooter (scooter riding or scootering), which was very popular even among adults in some countries (Kueppers, 2000; The Asahi Shimbun, 2000) . The MET values of certain activities which were not listed in the Compendium were expected to be estimated from the energy cost of activities having similar movement patterns (Ainsworth et al., 2000) . However, the movement involved in scootering seems unique, especially with regard to non-symmetrical movement, which is an exceptional aspect of scootering.
The purpose of this investigation, therefore, was to determine the MET intensity of scootering at slow to moderate speed, examining the energy cost and heart rate response during and after scootering on a treadmill.
Methods

Subjects
Ten male students and eight female students participated in this study. Before this investigation the participants were informed about the procedure, and informed consent in accordance with the Helsinki Declaration of 1975 was obtained from all of them. This study was approved by the Ethics Committee on medical research on human subjects and animals of Kanto Gakuin University. Before starting this investigation, participants became familiar with scootering on the treadmill. Their physical characteristics are shown in Table 1 . 
Metabolic Equivalents during Scooter Exercise
Maximal bicycle ergometer test
A graded maximal cycle ergometer test was conducted before the investigation of scootering to evaluate each subject's aerobic power, using a computer-controlled cycle ergometer (Combi 232-C ® , Combi, Tokyo, Japan). The load was increased by 20 watts per minute, and subjects were required to continuously pedal at 50 rpm until volitional exhaustion. This procedure was in accordance with a previous study (Caiozzo et al., 1982) .
Scooter exercise
All scootering was performed on a motor-driven treadmill (Treadmill ® , Nishikawa Iron Works, Tokyo, Japan) on a level surface at three different speeds, 80, 110, and 140 m · min Ϫ1 , which were calibrated whenever necessary. The scooter speeds were set on the supposition that people are likely to move at this range of speed, which does not deviate from the safety range on the treadmill (Kijima et al., 2001; Arimoto et al., 2002) . The scooter used in this study (Micro ® , Micro Mobility Systems, Kusnacht, Switzerland) weighs 2.8 kg and consists of two wheels of 100 mm in diameter, a narrow board of 100 mm width and 565 mm length between the wheel centers, and an adjustable 850 mm high steering apparatus. Before the subjects performed, the height of the handle was adjusted individually to the height between the trochanter major and crista iliaca so that they could keep upright on the scooter.
Every participant took a rest of 10 to 20 minutes before each scootering event, performed scootering for 6 minutes, and then sat for 3 minutes. During this time frame, the subject was investigated. The three different scootering trials were conducted randomly.
Measurements
Oxygen uptake (VO 2 ), minute ventilation (VE), carbon dioxide production (VCO 2 ), and respiratory exchange ratio (R) were measured using a gas monitor system (model AE 300S ® , Minato Medical Science, Osaka, Japan), which consisted of a microcomputer, a hot-wire flowmeter, and O 2 and CO 2 analyzers (Zr element-based O 2 analyzer and infrared CO 2 analyzer) with a pump that propelled gas to the analyzer at a rate of 220 ml · min Ϫ1 . The breath-by-breath data were calculated into minute rates. Heart rate was measured using a heart rate telemeter (Cardio Super model 2E32AR, San-ei, Tokyo, Japan). All of those parameters were measured from the resting period to the third minute after the end of scootering.
The value of the METs of each scootering event was calculated using the VO 2 during the second three minutes and the actual resting VO 2 . The energy cost of each scootering event was calculated through the equation [VO 2 L · min Ϫ1 ϫ (4.0ϩRQ)] (Harris et al., 2005) applied to the data of the second three minutes.
The drag force was measured using a loadcell (model 1269F ® , Takei Kiki Kougyo, Tokyo, Japan), DC Strain Amplifier (AS2102 NEC San-ei, Tokyo Japan), Power Lab system (AD Instruments, Castle Hill, Australia), and Macintosh G4 (Apple Inc, Cupertino, CA), while an average body weight subject was scootering on the treadmill. The rolling resistance was then calculated using this force to find out if the MET value measured on the treadmill corresponded to the value on the street.
Statistical analysis
Statistical testing for differences in their physical characteristics was conducted using Student's t-test, while repeated measures ANOVA and Tukey's HSD were used to statistically analyze cardiorespiratory responses with two factors, scootering speeds and gender. The data values are represented by means of ϮSD. The regression equation of VO 2 and HR in each gender group was tested using an analysis of covariance. A value of pϽ0.05 was regarded as statistically significant.
Results
The changes of physiological measurements during scootering are shown in Table 2 . The steady state of every measurement appeared during the second three minutes. In terms of the % of VO 2 reserve (VO 2 R) and HR at each speed, there were significant differences (pϽ0.001) between the male group and the female group. In VE, VO 2 , R, and METs at each speed, however, there was no statistically significant difference between the male group and female group. The mean values of METs in all subjects were 3.9 at 80 m · min Ϫ1 , 4.3 at 110 m · min Ϫ1 , and 5.0 at 140 m · min Ϫ1 . In addition, the mean values of energy cost were 67.0Ϯ10.6 cal · kg Ϫ1 · min Ϫ1 , 73.3Ϯ10.2 cal · kg Ϫ1 · min Ϫ1 , and 84.8Ϯ7.9 cal · kg Ϫ1 · min Ϫ1 , respectively. The relationship between the scootering speeds and the VO 2 is shown in Fig. 1 Values are meansϮSD. *** indicates a significant difference between the males and the females (pϽ0.001).
(r=0.786), where the female cases (black) were mostly higher than the male cases in % VO 2 R and HR (Fig. 2) . The rolling resistance of the wheels on the treadmill was 0.026.
Discussion
A primary question is whether the MET value obtained through the experiment using the treadmill is virtually the same as the MET value on asphalt or concrete pavement. That is, if the rolling resistance of scootering is significantly different between activity on the treadmill and on the pavement, the MET value obtained in this study cannot be used on a daily basis. The rolling resistance which Hoffman et al. (1998) obtained in roller-skiing on asphalt pavement was 0.021, which is hardly different from our value. Thus, the MET values in this study should be useful when applied to the daily riding of a scooter.
Comparing the MET values between the scootering in this study and the walking (80 m · min Ϫ1 )/running (140 m · min Ϫ1 ) reported by Ainsworth et al. (1993 Ainsworth et al. ( , 2000 , the scootering value is slightly higher, at 80 m · min Ϫ1 and remarkably lower at 140 m · min Ϫ1 . This feature is almost the same as the feature of VO 2 in our previous study (Kijima et al., 2001) , where there was no significant difference at 80 m · min Ϫ1 between scootering and walking.
There was no statistically significant difference in the VO 2 (ml · kg Ϫ1 · min Ϫ1 ) between the female group and the male group at the three scootering speeds, which agrees with the study of bicycling that Adams (1967) reported. Both the female and the male participants did scootering at the same speeds in this study, and the exercise loads were therefore heavier for the females compared with the males because the VO 2 max of the female participants was lower than the male ones. In fact, in this study, the mean values of %VO 2 R were from 35% at 80 m · min Ϫ1 to 44% at 140 m · min Ϫ1 in the males and from 47 to 60% in the females. In our previous investigation (Arimoto et al., 2002) recruiting young male subjects, it was suggested that scootering at personal perceived moderate speeds (with a mean of about 150 m · min Ϫ1 ) can serve as a useful exercise for cardiorespiratory fitness. Scootering in this study, however, might have been lighter for male subjects than that in the moderate speed that was defined in our previous study.
Young adults would ride a scooter on an asphalt road faster (Arimoto et al., 2002) than on the treadmill, where scootering was conducted at 140 m · min Ϫ1 in maximum. Extrapolating to some extent could be reliable, but further research is needed to gather more exact MET values at faster speeds than 140 m · min Ϫ1 . Here, it was found that the METs of scootering at speeds from 80 to 140 m · min Ϫ1 ranged from 3.9 to 5.0, and that those exercises of scootering still correspond to moderate-intensity physical activity (ACSM, 2006) for most healthy adults.
